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INVESTIGATION OF FIVE FORGED GAS-TURBINE

DISCS OF TIMREN ALLOY

By J. W. Freeman, E. E. Reynolds, ad A. E. White

It has been found that the properties of heat-resisting alloys are
dependent to a large etient m the conditions of fabrication. Because the
largesize of certain gas-turbine rotors has introduced fabrication pro-
cedures for which information is not available, a resemh program wa&
beguu at the Uhlversity of Michigan to ascertain the properties of tQe
better alloys In the form of lE&ge forgings. Tests reported in the
present paper were made to determine the rep~ucibility of properties
from disc to disc made by different cqanies and to investigate the effect”
of various fabrication procedures on the disc properties. The properties
of five &Lscs of TMcen alloy were determined at room teqerature @
1200° F . The tests included short-time tensile, stress-rupture, creep,
and htiess along with a metellographic examination of,the materials
before end after testing.

It appears from the data that Timken alloy discs, which are hot-
cold-worked after hot-forging and made from differmt heats by different
companies~ will have stmilar properties. The properties of the discs em
lower then those obtained from presumably similarly processed bar stock
m the basis of tensile end rupture characteristics. Comparison cm the
basis of rupture strengths of the Timkenalhy discswith three other
discs previously studied showed the Timken discs to be better then a
CSA alJoy disc, similar to a 19-9DL disc, but not so good as a low-carbon
N-155 alloy disc.

During the course of a research investigation of the development of
heat-resisting alloys for use In turbosupercharger and gas-turbine appli-
cations, it has been found that the properties of premising alloys are
dependent to a large extent m the conditions of fabrication. Because the
large size of certain gaa-turbine rotors introduced fabrication prmedures
for which information was not av~lable, a research progrem is in progress
to ascertain the properties of the better sLJ-oyein the form of the large
forgings reqtirea.

.
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Several psprs have previously been is~a cm discs of alloys 19-9DL,
CSA, ma lowQarbon N-155 ● (See references 1 to 4.) The present report
gives the results of a study of the properties at roq temperature and
1200° F of five gas-turbine dims made from Tirakenalloy. Thls alloy has
been used in the form of discs for aotueJ.service h gas turbines. The
purpose of the imvestigatian was to detezmine the reproduoilxl.lltyof prop-
erties from Mao to disc made by different companies md to Investigate
the effect of various fabrication procedures m the tiso _rties.
JUmther aspect of the investigation was a muparison of the diso properties
wltihthose from previms investigations on similm?ly prooessed bar stook.

This work was conduoted at the lhivemity of Mlohigan under the
sponsmship and with the finamial asslstanoe”of the National Advisory
Cmmittee for Aermautics.

EWRIECIOIV (IFDIECS

The avaiMble information concerning the ohemio~ imposition of tie
five dism of Ttmkeu3allloyis summarized as follows: (The first ansJysis
listed far disc C3B-441 was reported by The Cantcm Drop Forging end Mmu-
faoturing Ccmpny; the second, by the General Electric Cautpany.)

“ I+r-

s451 H-4315
m I 1

1 I I 1 1 ,

H-4174-7A H-h74
, 1

Is15@ I H-k-@h I .1211 .12 I .017I .0141 .71

ml

Cr

16.56

16.60

.17.14
17.25

~15.67

115.90

4+
I’fi ~%

25.755.80 0..I2

25.085.86 .141

=!4-4
262516.251 .lul

The following informtiau conoeming fabrication prooedre and souroe
w SU@ied with the discs:

The MMmle Cmpany forges disc S451 as a contour forginq. Pre-
sumably this disc was hot-oold-worlmdafter hot-forging. It was maohlmi
to size at the Everett Plant of the General Electric Cmpanyo Bemuse of
a sli~t internal burst at the very center, revealed by X-ray inspeotion$
the dim was re~eoted for service and cut up for testing. The General
Eleotric Comgany supplied One+* of the disc to the University of
MU3higan for the present tiestigation.

.

.

.

. . . . --.—— .. —-— —..——— --—. — —, —-. .



NACA TN NO. 1531 3

The heat of disc C0713 was made by The Thken Roller Besring Compsny.
The Canton Drop Forging end Manufacturing Compsny forges the disc as a
contour forging. The tisc weighea 345 pounds. The following scheaule was
useilin fc@.ng the disc: The disc was charged to a furnaqe at l@OO F

end held 4 hours; temperature raisea to 2000° F end hela 1* hours,

followea by 18 blows in flat dies. The forging was returnea to a furnace

at 20000 F for + hours followea by 10 blows on the first blocker. After
2 more hours in the furnace at 2000° F, the disc was given 17 blows on
the second blocker end then placed m the ground to cool. The disc waa

chsrgea to a furnace at 1250° F md held 7& hours, folllxmed.by 21 forging

blows. It was trsnsfemerl directly frcm the forging -hammerto a furnace
at 12000 F for a 10-hour stress-relief anneal. The disc was suppl.ieaby
the U. S. Air Forces, Air”Materiel Ccmmsnd.

The C3B-441 disc was forges as a contour forgi.ngb; The Csnton Drop
Forging end Manufacturing Compsny. It was hotworke& at 20d0° F; then
solution-treatea 2 hours at 2150° F and wa@r-quenche&. It was then cold-
worked at 12x0 F, stress-relief anneal.eafor 10 huurs at 1200° F end mr -
coolml. Inspection of the disc by etch test, X-ray, !&lo, end supersonic
methods was satisfacto&y. One slight fold on the entrance sise near the
stub shaft WSS shown by &@O ● One-half of the disc was supplies for
this investigaticm by the General Electric Company.

me Midvsle Campmy made disc H-4174-7A as a cheese forging. Pre-
sumab~ this disc was hot-cola-worba after hot-forging. ‘Itwas machined,
to size at the Everett Plent of the General Electric Conrpsny. It was
rejectea for service after X -rey examinatim because of a aefective
center. The sectian being testerlwas cut so aa to avoia most of the
&efectiVe center. The rim of the disc had been cut off so that the dism-
eter of the section submittea was only about 20 inches. A one-eighth
secticm of the disc waa supplies by the General Electric Company.

me s1509 MSC was tie by the mav~e company frcm a 2620=Poum
16+nch+iameter ingot, bottcunpoured. The forging was made from the

bottom block from the ingot. It was fwged at 2000° F, colii+orkea
at 1275° F, and stress+relievea at 1200° F. This wheel was rejectea

~ z+= exs@=tion. On&half of the disc was supplies by The

Midswik Compauy at the request of the Gensral Electric Company.

Sketches which give the Wnensions sml relative sizes of the sections
of the five discs are shown in figures 1 to 4. Although all five discs ‘
em lsrge forgings, for convenience, the three discs S451, C0713, end
C3B-441, which have the lesser diemeters, are refezv?eato herein as the
“mall” discs end discs H-4174-7A and S1509, which have the greater dism-
eters, as the “large” ai.scs.

.—. _ ..——.—z — ----.—
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Sincethe object of the investigation was to evaluate the properties
of the discs, a test- program was agreed u on which consisted of (1) ten-

?)sile tests at roa temperature and 12000 F, 2 rupture tests at 1200° F,
(3) creep tests of looo-hourd=tionat 1200° Funder stresses of 20,000
and 25,000 psi, (4) hardness, tensile, and rupture tests to show the
uniformity of the disc material, and (5) stability tests on the specimens
after testing. The major emphasis was placed on the properties at’radial
specimens from near the rim of the disc becauseIthe rlm is heated to the
highest temperatures during service. Some nuxiificationof this general
procedure was made necessary by the t~es of sample supplied and the
nature of the results fr(nnindividual discs. .

Hardness surveys and tensile and rupture tests of specimens frcm
representative lm.ations in the discs were used for the uniformity studies.
Data of stress end time for total deformation were obtained from the elon-
gation curves frcm the rupture and creep tests. Stabili@ characteristics .
were based on hardnsss, tensile, impaot, and metsllographic examination of
the specimens after testing. The specimens used for the metallographic exam-
ination were etched with a solution of aqua regia in glycerine.

The necessary test specimens were obtained from coupons cut from the
discs as Shown in figures 1 to 4. These drawings show the locations of
the specimens and the identifying code. In the codes, W, X, Y, and Z
refer to the locations -ofthe coupns with respect to the faces of the
discs. Tensile and creep tests were conducted on standard O .505-inch-
diameter specimens. The specimms for rup~e tests were 0.160 inch in

.

diameter and were obtained by

into quarters in a lengthwise

splittinga 2-&-inchlength from coupons

direction.

REsTmcs

Hardness Surveys

The two discs, S451 and C0713, which had been hot-cold-worked In the
as-forgerlcondition had approximately the same hardness characteristics.
(See tdble I amd figs. 5 and 6.) The tensile test spechens averaged a
Brinell haminess of 25o to 260 although the survey of disc s451 showed
considerably more variatim. The disc C313-441,which was soluticm-
treated prior to hot-old-work, averaged higher in hardness then the other
two small discs, mbst of the test specimens havbg a Brinell hardness
fra 270 to 300. (See table I and fig. 7.) The hardness surveys showed
that two of the discs, C0713 and C3B-441, were harder near the center
than at the rim> while disc S451 was harder near the rim.

The hardness of the large disc H-4174-7A, determined on tensile
specimens teken from a position midway between the center and rim, was
relatively lower than for the other discs. However, the other large disc,
s1509,‘baa a ~U hsrdness ne= the rim from 250 to 270 (figs 8), which

.

was similar to that of the small discs.

--- ..— —
.,.
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Short%ma Tensile Pr,gperties

The tensile properties at room temperature and 1200° F are presented
in table 1. Curves of stress against @main frczuthe tensile tests are
incltied as figures 9 to X2.

The tensile properties at room temperature of discs S451 - C0713
~a disc S1509 were similar. Tensile ‘andO .02~ercent-offset yield
strengths for these Mscs were approxhnately X22,000 and 75,(XIOpsi,
respectively. Disc C313-441,which waa solution-treatedprior to hot-
coldwork, had tensile end yield strengths of apprmtely 135,000 end
80,000 psi ● The disc H-4174-7A, for which the tensile spec~ns were
not representative of rim material, had tensile end field strengths of
apprmimately 112,000 and @,000 psi. The ductilitiOa of the tensile
tests cm ‘materialfrom near the rim were similar. The elongation averaged
from 15 to 20 percent. .

“ Spechnens from various positions in the discs were tested.. There
was only a slight tendency for higher &trength and duotili@ observed in
tangential over radial specWens at the rim. Specimens from near the
center of discs C0713 end C3B-441 had verj low ductility but strengths
similar to specimens from other locations. Tests were not made on speci-
mens from the centers of disc S451 and the two large discs because they
had been re~ected for unsoundness at the center.

At 1200° F the tensile properties of the variuus ddscs were in the
seinerelative order as at roan temperature. Tensile and O.2-percent-
offset yield strengths of discs S451 and C0713 and disc S1509 were approx-
huately 80,000 and 64,000 psi, respectively, while those of disc C3B-441,
which was solution-treatedprior to hot-cold-wak, were @,000 end
71,000 psi . Disc H-4174-7A had tensile and O.2-percaut-offset yield
strengths of 72,000 and 57,000 Isi for specimens taken midway between the
center and rim. All the disc~had similar or higher
then at rocm temperature except the solution-treated
disc C3B-441 which waa lower in this respect.

Rupture Test Characteristics

ductility at 1200° F
and hot-cold-worked

The rupture test results at 1200° F for the five Timken alloy discs
are given in table II. These results are plotted to logarithmic coordi-
mtes of stress against time for rupture in figure 13. Rupture strengths
of the Uses obtained frcm the curves of figure 13 and the rupture test
ductilities are given in table III.

The three small discs had strengths for ~ture in 100, 1000, and
2000huurs in the order of 44,000, 33,000, and 30,000 psi. The solutim-
treated and cold-worlmd disc, C3B-k41, had the highest rupture strengths
of the three at longer time perids, while disc C0713 was the weakest of
the small discs. The elongations to rupture in 1000 huurs for discs S451,
C0713, end C3B-441 were 10, 5, and 3 percent, respectively. Msc S1509
had strengths ss high as the stran@st small disc, alcmg with m elongatim
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to rupture in lMO hours of 30 percent. Specimens taken midway between
the center end rim of the other large disc, H-4174-7A, gave lower rupture
8trengthB.

Rupture spec-ns from various positions In the small discs were
tested to show uniformity at stresses which would cause fracture of the
radial specimens near the rim ti the center plane of the respective discs
in appradmatel.y 100 hours. Spec-ns from mall discs from the four
positions listed tn table II had rupture times of fbam 112.5 to 237 hours,
en indication that the small.discs tended to be weakest in a radial_direc-
tion in the center plaim near the rim. No one location in the three
discs seemed to be consistently s~ronger then other positions, aithough
the tangential specimens near the rim did appeer to be strongest in most
caaes. One tangential specimen k disc S1509 ruptured in a shorter time
period than that for radial specimens. Spectmens from the center of the
large cldscswere not tested because this portion of the discs was unsound..

.

Time-DefarmationCharacteristics

Curves of stress pgainst the logarithm of the time re@red for
various total defamations at 1200° F for the five discs are shown in
figures 14 to 18. The total deformations for which curves are plotted
are 0.2, 0.5~ and 1.0 percent. These curves, elong with the curve of.
stress agahmt rupture t- and the curve showing tiresof trsnsitim from
second- to third-stage creep, which are included in each figure, give a
basis for design of turbine discs an Permissible defcremationtolerances.

The curves of stress sgainst the logerithm of the thne for total
defomurbicm were plotted from the data in table IV. These data were
taken frcm time-elongatim curves for creep end rupture tests. Time for
total deformations of 2 and 5 percent are elso shown in table IV. The
stresses to cause the various total deformations in time periods of 1,
10, 100, 1000, and 2000 hours, deftied by the curves of stress against
time for total deformatim (figs. 14 to 18), are shown in table V. Ca-
parative stresses to cause a total deformatim of O.5 percmt in 1000 hours
for aiSCS s451,C0713, and cm-441 were 21,500, 20,5m, ma 26,700 psi)
respectively. Corresponding strengths for tiscs H-4174-7A and S1509 were
23,400 m 21,600 p3i. .

Creep Strengths

Data taken frcm tdme-elongationcurves, including total deformaticms
in 100, 500, end 1000 hours end creep rates at 5~ and 1000 hours at
1200° F, sre shown in table VI. The creep rates at 1000 hours were not
minimum rates for the higher strese tests of the large discs. The creep
strengths obtained”from the logarithmic curves of stress against creep rate
in figcre 19 were 68 follows:

—. .. .——. .. —.—.

.
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.

..

Diso

S451
co713
C3B-441
H4174-7A
S1509

Stress for creep rate of 0.0001 percent/hr
(psi)

1.1,500(estimated)
14,500 (estimated)
26,000
18,200
11,000 (estimated)

While disc C3B-441, which was solution-treatedprior to hot-cold-ork}
had the best creep end totel-defamation properties, the data were quite
erratic, emd greater caution in the application of these data to desi~
would be necessary than for the other discs ●

.

Extrapolation to 10,000 hours of the trensitim curves of figures 14
to 18 indicates the stresses which wiu cause third-stage creep to occur
at this time period.. Comperiscn of these stresses with the creep strength
for a rate of 0.0001 percent per hour Indicates that the creep strengths
for the three small Uses are safe for use for time perids up to
10,000 hours. A similar comparison for the two large discs indicates
that inczeesing creep rates are to be eqected after only 2000 and
XOO hours under stresses corresponding to the tabulated creep strengths.

Stability Characteristics -

The effect of creep end ruptuz% testing at 1200° F cm room-temperature
physical prqetiies and au the microstructure of the Timken alloy discs .
was used to eveluate the stability characteristics of this mate?zlal. Some
of the campleted-creep-test specimens were used to determine the changes
in the tensile properties, hedness, and impact properties of the matefial
during creep testing. These results are shown in table VZI.

The room-temperaturemeld strengths, tensile test ductility, and
impact strength of all the discs were decreased by creep testing at
U2000 1?● The original Izcd impact strength for all the discs waa apprcm-
imately 9 foot-pounds. The Izod impact strengths of the small discs
decreased during creep testing to from 2 to 5 foot-pounds, while the
large dd.scsshowed very ldttle change in impact strength. The tensile
strengths of the three small discs after creep testing were considerably
higher thau the average of the original specimens, while the two large
tiscs had slightly lower tensile strengths after creep testing. !lhe
hardness changes during testing for the five discs showed the seinerela-
tive variations as the tensile strengths.

Photomicrogmphs of the original material and completed-creep- and
rupture-test specimens are shown in figures 20 to 29. Original micro-
structure are representative of the structure near the - and near the
center of the discs with the excepticm of disc H-4174-7A. There was

—. .. .——
. ...-- ——-—— ---— - —



considerable variation in grain size between the small discs and within
any one tisc. The grain sizes near the rims of the smalJ-discs were 4 to”
for S451, 5 to 8 for C0713, and 3 to 4 for C~-441. The center structure
for each of these discs was at least one grain size larger than the rim
structure● Disc C3B_l, which was solutim-treated before hot-oold-
working, had fewer but l=ger particles of excess constituents than the
other dd.scs;however, this disc had a well-dispersed patte= of very fine

5

particles which was present to a small extent in only me other disc, S451.
The large discs had a grain size approximately that of the finest grained
small disc ●

_ testQ a tremendous amount of precipitation occurred in the
three sm&U discs. (Sse figs. 21, 23, and 25.) The solution-treated and
hot-coldworlmd disc, C3B-khl, had a heavier but fi.nerprecipitate than
the other two. The &o
tation a- testing.

Tension tests have
of five discs of T~en

large discs showed comparatively little precipi-
(See figs. 27 snd 29.) “

DISCUSSION OF RESULTS

been used to detemine the properties at 1200° F
a12.oy. These properties, including tensile,

rupture, and time-clefozmation data, q be used as a basis for design of
similar tiscs of Timken tiOy .

One of the main purposes of this investigation, aside from the deter-
mination of the actual properties of discs aa they are put into service,
waa the study of the variation in properties between heats and fabdication
procedures used in the producticm of turbine discs from Timken alloy. All
the tables of data in this report have been prepared so as to show these
variation in properties of the discs. In maldng a compariscm of the
discs, it is sdvisable to omit, for the most part, disc H-4174-7A. Mate-
risl tested from this disc waa taken frcm midway between the center and
rhn while ~ material from the other four discs was used for test speci-
mens. 5s disc was a cheese forghg, while the other four were contour
forgings.

.Three of the discs, small discs S451 and C0713 and large disc S1509~
wezw fabricated in similar manners by hot-cold-worldng afber hot-forging.
These discs, produced frau three diffennt heats, had very similar prop-
erties with the possible exception of the time-cleformation characteristics
of the S1509 Msc being rather low. It appears, therefore, that Timken
alloy tiscs, produced as these were frcm sep=ate heats and by two dif-
ferent concerns, possess a satisfactory reproducibility of properties.

Disc C@ -~1, which waa solution-treatedbefore hot-cold-work, had
hl@er strengths but lower ducti~ty than the other discs. Since only
one disc in this form waa studied} it would probably be better to have
additional data for
discs before makl.ng

solution-treatedand hot-oold+orked Timken alloy
cmpariscms of properties between disc treatments.

.

.

.

.
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One outspending difference in the behavior of the small end large
discs was in stability characteristics, as determined by changes in micro-
structure end roam-temperature physical properties during long time
testing. The large discs showed.very little change in microstructure,
hpaot strength, or h-ess during testing, although the tensile test
ductility decreased. On the other henti,a large amount of precipitate
occurred in the structure of the small discs; the @act strength end “
tensile test ductility decreased, end,the hardness incressed markedly
during testing. However, as is shown by the eal.y occurrence of third.-
stage creep for the lsrge discs in comparison with that for the small
tiscs, the so-celled structural ~tability was beneficial to the hi@-
temperature properties of the small tiscs. This is in line with the
general theory that the precipitation phenomenon occurring in high-strength
high+mmperature alloys is an important factor in developing their out-
standing properties.

Another possible comparison is between the properties of bar stock
end the discs of Timken &U.oy. Table ~ lists campsrative tensile and
rupture properties at 1200° F for the bar stock and the two types of disc.
It shows that the disc properties are enough lower than those of presumably
similsrly processed ber stock to make desigu of the discs on the basis of
bar-stink properties rather risky. Huwever, data on materiel frcm the
seineheat of ber stock which was solutim-treated and aged but not hot-
cold-worked shuw properties lower than those of the weakest disc. This
indicates that possibly the properties of discs elso cuul.dbe reduced to
en unsafe degree by improper fabrication procedure, even though the discs
of this investigation have similar and satisfactory propefiies. Ccmpatison
of time-deformation data between discs and bar stock is not possible
because of the lack of such data for bar stock.

Table VZII also contains, for comparative purposes, the tensile and
rupture properties for three other discs previowly studied. (See refer-
ences 1 to 3.) The roam-temperature tensile properties of the Timken
alloy discs are higher then those of the 19-9DL, CSA, end low-carbun
N-159 diSCS. The rupture strengths of the Thdcen alloy Mscs are better
then those of CSA alloy, similer to those of 19-9DL alloy, but less then
those of low-carbon N-155 alloy. This ccxuparism is not too satisfactory
because of the fact that the discs were not fabricated similsrly. The
19-gDL, CSA, end low-carbrm N-155 discs were cheese forgings, while all
the Timken alloy discs were hot-cold-worked contuur forgings, with the
exception of the tisc H-4174-7A.

CONCLUSIONS

In en investigation conducted at the University of Michigen, the
properties at room temperature and 1200° F of five discs of Timken alloy
have been determined. The data obtained include tensile properties,
rupture test characteristics at 12000 F, end time-deformation character-
istics in creep end rupture tests at 1200° F.

- . .- ..___. —. . --- -_ _____ —— .— .—-—
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Fran the data it appears that Timken alloy discs in the hot-forged.
8

and hot-cold-workedcondition have satisfactory reproducibility of prop-
erties. This is true for both small and large discs with the exception of
the time-cleformaticm characteristics for the l-ge discs, which seem to

.

be luwer.

A small disc which was solution-treated.prior to hot-cold-work had
higher properties then the discs which were forged and hot-cold-worked,
hut it would probably be better to obtain additional data for other similar
discs before making compariscms of strengths between discs or reproduci-
bility of properties.

The properties of the discs are lower than those of presumably simi-
larly processed bar stink cm the basis of tensile and rupture properties.

Rupture strengths of the Timken alloy discs are
a CSA slloy disc, similar to those of a 19-911Ldisc,
those of a low~arbon N-155 sLloy disc.

higher than those of
but n-etso high as

University of Michigan
Ann Arbor, Mich., October 24, 1946

.
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37,500

5Q,W3
57,500
!2,5C0
37,500
27,500
55-
37,m
15,m
s,yx)

%Jooo
&’,500
z,%
@*m
6?,503
47,500
65,0fM

40,CKM
37,500
30,000
35,m

37*W
%’,%

30,CKKI
15,000

IL
14
16
13.5
18
17.5

ti
21.5

17.0
u.8
a .8
26.1
2L6
$?4.0

26.1
30.8

2P
254
258
25cl
254
261

---
---

Rom

Ib3a

2oml

h

lxa

122*4CKI
121,850
Ei,m
u8,875
U&2x
~125,0aJ
u8,350
t?+,ax)
77,750

76,500
78,ccIo
75XKU3
67,503
&l,cm
74*W
??,oal
-----
------

96,WJ0
g5,1w)
g6,000
go,oal
86,500
95,500
g?,ow
@t,om
63m

2J4
i

5
244
253
245
---
---

17.5

$:;

22.5
y .5

20
21

:32-441 1.36,W9
133,m

Z:z
3.37$2X
L38,750
U.6,0w

83,ao
LW,300
a,ooo
T7,CKI0

!iw%l
87,0cm
------
----—
------
-.-...

18

E.5
20
2$5

2.5

13.5

3
7

g5,mo
93,700
g,om
9?500
P*W
I.oo,yx
1o1,ooo

lol,cm
98,830
loo,m
96,5m
96,%
I-05m
M6,m

-fl,ooo
n,m
-f3,000
73,500

21..2
19.9

3:;
21.4
~.:
.

2?2
18.6
32.0

269
2ea
299

2$
290
m
---
---
---
--

67,1m
&x&

70:000

-4174-7 b)(0)
b)(0)

H

b O)

b 0)

2-RIP

d
Emc

56,XXI
68,(MKI
------
-------

71,000
74,m
------
------

&lL,Coo
&woo
58,0W
5’7,000

9,5W
96,333

%%’

74,000
78,mI

54,500
Z,om

20
23

----
30

q.2
29.2

1200 -----.-
Iam 7’2,500 41.3

s150g k2,5m
37,m

33,700
37,5CQ

w
18

*
24 ,

22.7
26.1

36.6
32.8

248
267

*
@,&xl
62,000

.

am ~m~- ~~ -~ ~= ~ M Mao.

2RR enrfmew redialapeolmennear *of di.eo.
OTR oeatar-pleaa ~alepeoimn neartiofdleo.
2!II?eurface-plenatenpntlal apeoimnnear dm of&lee.
020 oenter~lene redlal apeohen near muterofdim.
2RY eorfaoe-plauemdial epeclmn near renter ofdiao.

b2peelmen.a t&J3nat apolllt milllr6qrb3hIeen Oenterendl-lmorthiaf-.

%’hefozgloge veretoo thintoqiutmto thinia. !lhe ep?mimena repreeent me-ha of tie Uilokness.

.
‘%hreadestrippedbefore& epeok freotured.

. . ... —.------ --- ..—-. ~— — — - ———--
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-lx

RUPTURE!DISTRESUUBAT1200°F FORT131KEWAI10YIIISOS

specimen
Speclmell stress Ruplmre Elongation Rtiuctlon

mm number
locaticn (psi) ;~ in 1 in. of area
(a) (percent) (percent)

S451 6Y CRR 50,000 ~ .5 16 22●5
& ORR 45,000 18 29.8
& 4-O,(XM ~: ‘cm E 16.7
& cm 37,500 8 9“7

3>,000 775 10 17.2
6% ORR 33,000 .Xl@ U 21●2

4Z SRI/ 45,000 225 21 33●0
C?rR 45,000 114 22 27.7

z m 45,000 237 17 31.9
&e 45,000 IJ2.5 U? 10*9

coml ti ORR 45,000 7 12.1
40,000 g

%
ORR b;

13..8
35,m 8.5

3Y ORR =,500 75 6.2
3X 30,000 12g5.5 ; 6.8

42 SRR 43,000 m 18.5 23.3
Ol!R 43,000 15 28.8

E m 43,0W x 19 22.3
w-o ORo 43,000 133 8 997

C3T+441 x cm 50,0m % 2.8
lx ORR 45,000 “;2.5
3Y ORR 42,0C0 29 < 2:;
lx m 40,000 434.5 3 2.3
U cm 35,000 m 2
lx ORR 33,000 m ::;
3Y 31,0w 240L i 3●7

SRR 168 2 3●7
: %$% 204OTR 4 2.3
m 44,000 122

b; 3●7
10Y cm 44,W0 3.0

[-4174-7A .(c) 45,000 60 29 34.0
z (c) 40,CX)0 155 26 - 27.2
2Y (c) 35,000 424 22 26.7

Sm 4Y SRR 55,000 50 21 30.8
4Y m 50,000 U12 36.9
4Y SRR 45,000 148 $ 40.8

SRR 40,000 373 33 38.8
z SRR. 35,000 715 29 36.0

3Y SIR 50,000 84 ?28 30.8

ac~ center~~ radial.specimen~= a d ‘*C ●

SRR eurface~laneradialspecimenneer* of disc.
O’lZcenter-planetangentialspecimennear* ofdisc. v
S!CSeurface-plenetangentialqec~ nearrimof disc.
CRO center-plenersdialspecimennearcenterof disc.

?Brokein gagemark.

Cspedmenetakenat a pointmldvaybetweencenterandrlmo~ thisforging.

—— —,-. —-.
.“ ..-



EA51

C0713

I-4174-7A

S1509

Rm?uRE TEST”OHARAOTERISTICS AT

Strtma (psi)for rupture In -

10 hr

76,co0

-------

56,0cQ

---.---

-----.-

103 hr

45,500

44,003

44,000

42,000

49,000

%btained by.extrapolation.

LOXI hr

34,W)0

31,000

34,000

31,500

34,000

2000 hr

30,CQ0

28,000

%l,m

---.--

--.---

13etimated elm

20

--

1

--

--

18

7

2
.

27

30

Elthl (pement)

U?m ti-

1000 h?

10

5

3

20

30

2000 hr

10

‘5

6

--

--.
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. rlmmlidm ti

Initial
m!e.alm~

T* (IU)fcc btal. AdOrmtlala M - thlld-staga

Dim %3 br~al
(pam-m+J) 0.1 0.s 0.5 “1 i? 5 Dsfwtial

p-b malt peroalt pemeat pcawmlt pmumt M (pmwat)

Elwl Qo,ooo O* 0.’7 Q@ ‘%50 -----

$ 25#300 .x .-.

2X g

-----

; : :;; ::30@JJ .X37 ---

E 33,~ .I.55 .-. ---
6Y

%
35#~

&
2.8

37)m
& %5 - :: : % 5“ -: ii Q~

i?.0
40#2

& 45,000 .Q1 --- --- ------- b

&

25 50 30 Z.Q
N,000 .Q~ .-. ..- 1.9 5 la 15 -.. ...-

W71.3 : Qo,mo .096 --- 70 .568 -----

Q5,000 .IZ8 --- 1! =4 ~ :;: = = ;::
lT 30,m .lb —. ---- Iml
n 91W --- ..-

%
z w 335 -&-

n
??$%’

--- ..- m 56
3 g -. ... b w % 165 % !:
n 45,01M .-. ... 1 10 9 6s 30 2.0

03-441 & Q0,030 m ... -.-... .....

Ix Q5,000 .118 ... E %-ml -----~m =: := :::: ::::
3r 31.,UM a -.. ... m m ---- .-. ----
l-x 33,CXM ... ... !?>

:%
To 5X ---- ---- ----

lx 35,(XM --- --- ‘/m ---- ----

lx 4Q,qo

----

.lJ --- .- 3 % 415 ---- ----

4Q,mo

-..

3 --- -.. Q-7 ---- ---- ..-

I.T W3,mo

....

m ..- .-. ------- 40 v
---- ---- ----

3Y 50,000 .Q5 -.. .- -.-... w .-. ---- ---- ----

[JW7WA 6Y eo,Qm .I.ol ..- lQo —.. -. -.. . .-. ----

e5,(ml :$8 -. u ma ‘%3.54 ::: = 435 ,40

x 3s ,~ ... ... 38

QY
$30 70 1.5

40,0XJ .m.5 -- --- ------- lo Q8
2T 45,am

75 . ..- ..-

* -.. -. ----- . . . . . ---- -.. . ---- ---

Slm k m,am .1o4 --- 60 %2& ---- -–- ---- --& -:g
2Y 25,033 m .- lo —... ---- ----

4T 35*m .175 -. ---
br

9
&,om -- .- lo

br 45m g -.. — . ..... $ ~ % :? =
kr 50,m m -. .-. . .. —-

4T
95 .-.

55,Km .9
-..:

-- .- ----- ---- .-. -... ---- .-.

!

.

.



,

.

I
1

Total
mat! aefOmlatlon Stress (psi) to cause total de~amuation in -

(peroaut) lhr 10 hr loohr 1ooo & 2omhr

S451 0.1 %8,000 ------- ------- “ ------- -------

.2 ------- 35,000 23,500 u!,500
95

------
51,cm 33,m 21,500 %7,5LX)

1.0 ------- l%%
‘%,500

37?500 28,7M ------
Treneltion ------- 41,500 30,lm ------

-00713 2 %5,coo 26,7a2 19,000 ------ -------

95 k!j,ooo 36,005 27,200
1.0 ------- 43,700 34,000 %;2% *I!%

TrealEitiaa ------- 49,600 40,m W,3W 27,500

C*-Ml ------- ------- -------

:; ------ %?% %;%: ?26,7cxJ ?24,3ci)
1.0 -----.- ------- ::;:= SA& %,300

Transition ------- ------- ) ‘ ‘332,ccJo

K-4174-7A .2 -.----- 26,MQ 20,400 ------- ---.-.-

●5 ‘%),(X)O *,5’m 28,9co 23,400 -------

1.0 ------- 40,000 32,&m 25,500 %?3,500
Treneit~m ------- ‘ ------- 33,000 21,500 --.----

al.5og , .2 -.----- 25,0w 18,500 ------- -------

●5 ----..- 40,0C-O W,m 21,600 ‘%8,&o
1.0 ------- 47,000 35,400 ------- ------

Trendtion 38,mo
,

—----- ------- 23,000 —-----

‘?E13thlatea. .

I

,

w
C$l



ThBLIEVI

Creep teet
Ocdltmna IIlltlal Total deformaticm

DiBO
Stl?em lm’’ation

defonuatiom (peroent ) at - (peLm@p/;Yat -

(psi) (hr)
(peroent ) 100 h m hr I.cQobr 500hi??1000 Ill’

S451 20,000 1.002 o.& oJ5f 0.325 0.450 0.om36 om&.;5
25,cao 1002 ●W .457 .627 .CO04$J
30,000 1o23 ●XI? .2$)4 .766 1.085 .00086 “.00052

C0713 20,ci)o 1124 .096 ‘ .221 .470 ●l. .00044 .00019
25,w0 1.124 .I.28 .325 .769 1●OIL JJXV5 .00034

C3EA41 20,000 u-p ●W5 .217 .344 .381 .000U4 .Cmo44
25JXKI 12go .IJ.8 .310 ●432 .472 .om130 .00050

H 4174-7A 20,000 M@ ml J-95 .255 .33 .000136 .000129
25,000 1002 .128 .286 .490 ●8?2 .00049 .00076

?

SU09 20,000 10U4 .1o4 .221 .330 .448 .000237 .KI0230 s
25,000 1004 .130 .302 .497 .705 .oc038 .00044

==% $=:
o.

.

.
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,
I

T12mvn

m20Ta?- !mrm3AT12c0°r 02m21ca~ PmmoAL~w lmfl12HAIzoY DIma

Rmiduel mm+apemturu ~im .
nun’

Offnut

Dim
2pe0pe011 *- ~ yM&m@h R’Cp&ml

Imd
adltiw El@.l@dal Eeduatim

2tm13s Tim “%3
in 2 in.

@lee% Iwkam

(psi) (b)
o .CQ 0.1 0.2 (pei) (pm.m!d) g-%) X ~a

~~ psromlt pmmut .

24s1 (a) (b) (b) 122,7e) 76,420 89,000 92,5Q0 55,CC0 14 20 8, 8 %2 +?65
f%,

“ G
30,COJ lG23 ------- ------ -.a.-. ------- -..--- ----

25,0CU loc2 M,wo 65,m 83,CC?J $O,QOO 37#m 6.5 %:i -Q::.
306

--------

ccq13 .(a) (b) (b) 121,160 76,759 88,em 94,25U 50,am 17 25 8, m ‘?2 Q%
%

lx 25,CQ0 U24 ------- .--.-- ------ -------

U

------

20,000 U24 138,1m 57,M0 74,ylo 8?,Uxl 27,500 -;:; -G
3, b 283

------ --------

c32441 (a) (b) (b) 1.35,750 a,m 94,700 1oo,1oo 55,CO0 20 24 8, m .%;.

lx 25,m 12g3 -...... .-.-.. ..---- -------

6Y

.-...- ---- k, y
20*OUI up U7,500 @,ow

----

g2 ,Cm $5,000 55*KO 7 8.1
306------ --------

-4174-’fA. (a) (b) (b) U2,%o 62,2X 76,m 8?,250 &,m B? 28 12, 13
%

29,0W IfMx2 .- . . ..- -. ..-. . ----- . . . ..-.

z

. . . . . .

zJ@o lc02 W,w 69,W0 20)000 ‘-”- ‘---

8, 9
47,CQJ 6?,000

233

16.9 20,4 ...... -.------

Sly)g (a) (b) (b) 123,875 W,m @9,500 95,500 40,0CQ 18 25 7,9 yyk
1

2Y 29,0W U@+ ....... .-.-.. ..-.-. ..----- ------
4X 20,0CQ1oo4

----
m ,Om @,ccxl

---- 6,6 es
76,xm @,@xl 45,0m U U!.7 ..--.. --------

—
aA~erage of tastnm c-s-- d .mutaoe-plme epalmnn at rim of dlao o

%Aeiml Omlutlm.

%enter rh.

%nt.%r.

%um.
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8X

8Y.— —.- -- 1
8Y-C I pH-----—- ____

I BY

8Z

Figure l.- Location of
of discs S451

test coupons
and co713 of

h quarter sections
TinikenaXl_~.
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20 NACA TN No. 1531
a

.

0 -\

I

.

n
IY

Figure 2.- Location of test coupons In half section of
disc C-l of Timken alloy.
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NACA TN No. 1531
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21

—

Iw

lx

IY
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Iz

d

l’igure 3.- L6cation of test couponb in eighth section
of d.iso&417&7A of !lHmikensJ20y.
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-22 NACA TN No. 1531
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Figure 4.- Looation of test

aiso s1509 of

Ooupons in half
Timken alloy.
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NACA TN No. 1531 23

.

.

316
m
m

215

i
(

293 [061 I I I I I

104

102

100

96 r

.

i

Jn. from oenterend.to rim end of test mupon 6Z
(0-t3urfacenext to Y- or centerplane)

Fimre 5.-Variationin hardmss frcm centerto rim of disc--
S451 of Timken eUoy.

108
lii

106~

104

I02 )

100 .

98

96
0 1 2 3 4 5 6 7 8

-In. from centerend to‘rimend.d teet’coupon(3I
(O+urface next to Y- or centerplane)

Figure 6.- Veriationin hardnessfrom oenterto rim of disc C0713 of Timken alloy.
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0 0 00 0 0 0 0

2:8

0 0 0

287 276 267 264 .267 302 300 286 287 266 261

2:6

2;7

F-’a-l

I
0 0 0 0 0 0

262 2S8 255 24S 270 2;1 259

2;0

2;4

~ I

2% 2;6 2:7 2: I 2°a 2; I 2:0 276 2% 2°76 2:7 2:6 2:6 2;4 2:6 2;3 2:9 2:3 2;3

0

204

0

245

0000 0

2:5 2°w 293 208 203 2Bb 2:7 262 2:9 2% 2;7 2;6 2:3 2;4 2;4 :4

Figure 7,- Eardness survey on W motion of di~o 09-kkL of Timken aUW. Brinell h-ssj
am seotione 8 end 10.

Figure 8.- -ese survey on w moticm d tiso SIW of men euoy.
Brinell herdness; IUSC section 2.
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00
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NACA TN No. 1531 29

70,000
eo,ooo
Sqooo

40,000

30,000

20,000

Rupture time, br

7qooo
6qooo
$qo(xl
4f4)oo

30#oo

20,000

Rupturetime,km

Rupturetilm,hr

,“

Rupturetime, h?

Location of speoimen in disc

O Center radial.epecimennearrim
● Surfaceradialepecimennearrim
A Center tangential speoimen near rim
)( Surface tangential speoiuien near rti .
0 Center radiel specimen near center
(j Speohen taken midway between center and rim

Figurs 13.- Curvesof strsssagainstrupturstime at 1200°F for Timlmn
alloy alscEl.

...... ....—--— —- ---..- .~ — —_.—
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4qooo
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m,ooo
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Iw,m

Iqow -
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T&, br

g

l?igure 14.- Curves of fjlmessagainst +dme for total deformation at MOO” B for diso S451 of
.
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10 2 46 8 100 2 4 e a 1000 2 d

creep

Time, h’

Plgure 15.- Curves of etmes agatit time for total defczmaticm at 1200° P for dlmo C071.3of
Vbolr.en ell.q.
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MR-WW 16.- Ourves of Bixem auainstitti for total.defommtlon—
Tjmken allq.

*
at 1200° F for diso C@khl of ?
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Flgm’e 17.- CurveS of dn.wBe agalnet time for total deformation at 1200° F for dlec E+4174+’A of
Tlniken allqy .
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} Rupture test data
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mgure 18.- Curves of stress against time for totsl.deformation at 1200° R’for d.isoBm of
!rirlikenal.lq.
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Creep rate, prcanth
.

Figure 19.- Ourves of stress against oreep rate at 1200° F fm? Tin&en alloy Uses. All ti’k at
dmeOeeO above 30,000 pei from rupture taste.
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NACA TN No. 1531 ‘

100X
(d Wdial section near rim of disc in ;~~.

,

100X
(b) Radial section neex center of disc in ?~!&e.

Figure 20.- Original microstructure of disc S451 of !lHmken
alloy.
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.

(a) Creep spe%& 6Y; 1023 hours under 30~%psi.

l&acture - 10CK
(b) Rupture specimen 6Y; u82 hours ?~~&l%r

33,000psi.

Figure 21.- Miorostruotures of completed 1200° F creep- and
rupture-test specimens fram disc sk~l of TMsen aU~.

-.--. — .—. — .— —.. — _ —.—— . . —
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NACA TN No. 1531 41

(a) RaMal se%n near rim of Mao in Y~l&

10UX 100QX
(b) Radial section near center of disc in Y+Lane.

Figure 22.- Original microstructure
Snug .

C0713 of Tiniken

——.—. .
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. ‘NACA TN No. 1531 ‘ 43

loax
(a) Creep specimen IX; l12k hours under Pq~%Psi.

Fracture - loax
(b) Mplmre specimen IY; 1295.5 hour~f%i~~~%er

30,000 psi.

T

Figure 23.- Microstructures of ccnupletea1200°3? creep-and
rupture-test specimens fi?cmdisc C0713 of Timken alloy.

—— .—. — ..—— -



.

.

s

.

.

-. —...- .—— —-- —.-—— --
‘. .-.. .



NACA TN No. 1531 45

.

“

(b) Radial s%on near center of dif3cin ~~&e.
.

Figure 24.- Original microstructure of disc C-l of Timken
alloy.
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NACA TN No. 1531 \
47

100X
(a) Creep specimen IQ 1290 hours u&r 25$&psi.

.

Figure 25.- Miorodx’lmturelll

IMerior - 100QX
2401hours for rupture under
31,000 psi.

of

rupture-test specimens fixm

completed 3.200°

a.isf3c@k41 of

.—-. — .—. —— .—— .. — ——
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.

49

.

.

loax
Radial section midway between rim

rip 26.- Origlblel IlliC$rostructureof
l?imkenalloy.

1000X
and oenterof USC.

disc

.—— ..-. .— —— .-— >- — —..
J.
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NACA TN No. 1531 51

(a) Oreep spe%n 3Y; 1002 hours under 25&psi.

Figure q.- Microstructures of completed 1200°II’creep-and
rupture+est specimens ficm disc H-417&7A of Timkm allq.
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NACA TN No. 1531
.

. -—

(a) Radial se%L near rim of disc in YdLW. .

1:” 5’.”” i? J ‘-: ,

(h) Radialse%L

Figure 28.- Original

>0.6.iu ‘<’f\ ,“” C@

. .. . . -—=- . ..-. _—

100ox .
near center of disc in Y+lane.

lqcrostructure of tisc s1509 of
Timken alloy.
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10UX 100CK

(d ~ep mec~n ~; 1004 h- under 25,000 psi.
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lkdmre - 100X htericm - 100CX
(’b,)Rupture speoimen 4Y; 715 hours for rupture under

, 35,000 psi.

Figure 29.- Microstruotures of oompleted 1200° F creep- and
\. rupture-test specimens frcm disc S1509 of Timken all~.

-. . ..- .—— —— _____ —...— -—


